Summary. Guinea pig taste buds were observed by transmission electron microscopy with special reference to cell types and innervation. The taste bud comprised four distinct cell types: basal, type I, type II, and type III cells. Basal cells, residing at the baso-lateral region of the taste bud without extending to the taste pore, were considered precursors of the other types of cells. The rest were all spindle-shaped cells reaching apically to the taste pit.
Type I cells were characterized by the darkest appearance of the cytoplasm, apically possessing large, electron-dense granules and basally enveloping intragemmal nerves. This cell type, intervening between the other types of cells, was postulated to be sustentacular in nature.
Type II cells, the largest and lightest cells in the taste bud, possessed a conspicuous stack of smooth endoplasmic reticulum above the nucleus. Due to their intimate and specialized relationships with nerves, the type II cells were presumed to receive an efferent innervation.
Type III cells made synaptic contacts with nerves and contained dense-cored vesicles, which accumulated in the synaptic areas. This finding strongly suggests a gustatory function for the cells. The occurrence of such numerous peptidergic-type granules gathering to gustatory synapses as demonstrated in this report has not been recorded in previous papers on mammalian taste buds. The nerve terminals on the type III cell also contained synaptic vesicles, thus suggesting a reciprocal synapse here.
The taste bud often included degenerating cells which were demonstrated to be phagocytosed by extrinsic cells identified as macrophages.
The taste bud, a chemoreceptive sensory organ, was first described in freshwater fishes as early as the middle of the last century (LEYDIG, 1851) . This organ has since been demonstrated to exist in and around the oral area of all the vertebrate classes. Extensive morphological and physiological studies have also revealed that the taste bud is a specialized epithelium-neurite complex (a neuro-epithelial body) and functions primarily in gustatory sensation. Many reports have been available dealing with the ultrastructure of taste buds in various mammalian and non-mammalian species (e.g., HIRATA,1966; MURRAY et al., 1969; GRAZIADEI and DEHAN, 1971; PARAN et al., 1975; TAKEDA and HOSHINO, 1975; MILLER and CHAUDHRY, 1976; TAKEDA, 1976; IDE and MUNGER, 1980; UCHIDA, 1980) . Individual taste buds have been described as showing a relatively simple organization, comprising several cell types, up to as many as five (FARBMAN, 1965a; MURRAY et al., 1969) . On their ultrastructural bases, taste bud cells have been postulated to participate in either gustatory or supporting functions PARAN et al., 1975; TAKEDA and HOSHINO, 1975; TAKEDA, 1976; IDE and MUNGER, 1980; FARBMAN et al., 1985) , although controversy has arisen over which cell type or types are gustatory and which are supporting in nature. KINNAMON et al. (1985) , in contrast, proposed that every differentiated cell in the mouse taste bud acts as a gustatory receptor (cf. TAKEDA, 1976) .
In our previous immunocytochemical study on the guinea pig taste bud (YOSHIE et al., 1988) , certain bud cells were shown to be immunoreactive for certain neuron-specific proteins including a cerebellar Purkinje cell-specific protein called spot 35 protein (YAMAKUNI et al., 1984) and neuron-specific enolase (NSE). These immunopositive cells were closely associated with NSE-positive nerve fibers forming swellings along their course. It was consequently postulated that they may correspond to chemoreceptors. However, it still remains to be elucidated as to 104 S. YosHIE et al.: whether these cells coincide with the cells possessing ultrastructurally definable sensory features and synapse with intragemmal nerve fibers.
So far as we know, no ultrastructural characterization of the guinea pig taste bud has yet been carried out. Before attempting to determine the NSEimmunoreactive cell type under the electron microscope, therefore, the present study deals with the conventional ultrastructure of the taste bud cells with special reference to their typing and characterization. Attention is also paid to the innervation of the taste bud.
MATERIALS AND METHODS
Five male guinea pigs of 300-400g body weight were used in this study.
The animals were anesthetized by an intraperitoneal injection of sodium pentobarbital (50mg/kg), and perfused through the left ventricle with 0.15M phosphate-buffered saline (pH 7.3) and successively with 2.5% glutaraldehyde in 0.1M phosphate buffer (pH 7.3). The circumvallate papillae were removed from the tongue and minced into small tissue specimens. They were further immersed in a newly prepared fixative of the same composition for 2h at room temperature.
After being rinsed in the buffer, the specimens were post-fixed in 2% osmium tetroxide in the buffer for 2h, dehydrated through a graded ethanol series and propylene oxide, and embedded in Epon 812. Ultrathin sections were cut on an LKB microtome (Ultrotome V) with a diamond knife, mounted on non-coated copper grids, and doublestained in a saturated aqueous solution of uranyl acetate (20min) and Reynolds' lead (13min). The prepared sections were examined with a JEOL 1200EX transmission electron microscope under an accelerating voltage of 80kV.
RESULTS
The circumvallate papillae of guinea pigs slit anteroposteriorly on the dorsal surface of the tongue radix consisting of several rows paired laterally across the middle line. Each crypt of the papillae measured about 250um in depth and opened to ducts of the von Ebner's gland, a serous salivary gland, at the bottom. Most of the taste buds were located within the epithelium lining the deeper half of each crypt.
Under the electron microscope, taste bud cells were distinguished into four cell populations. As the features of each cell type essentially coincided with those already characterized in other species, the cells of the guinea pig taste bud were designated as: basal, type I, type II, and type III in accordance with the nomenclature proposed by MURRAY (1973) and used by later authors (TAKEDA and HOSHINO, 1975; TA-KEDA, 1976; FARBMAN et al., 1985) . Additionally, the guinea pig taste buds also included degenerating bud cells and intrusive cells as well as nerve fibers which formed synapses or made other specialized contacts with certain types of cells. Descriptions of the ultrastructural features of each cell type and innervation patterns of the taste bud follow.
Cell-types in the taste bud
Basal cells
The basal cells profiled as roundish and appeared at the baso-lateral region of the taste buds ( Fig. 1 ). These cells in the taste buds were rather easily distinguished from the basal cells of the lining epithelium, the former being more electron-lucent and smoother in outline than the latter. The basal cells of the taste buds adhered to neighboring cells (epithelial cells and other bud cells, especially type I cells) by means of desmosomes (Fig. 1) . They also attached themselves to the basal lamina. The basal cells, though less dense than the type I cells depicted below, displayed a generally high electron density.
The nuclei of the basal cells showed a wavy contour and occupied a large area of the cells (Fig. 1) . Heterochromatin was scattered along the nuclear envelope and all over the nucleoplasm.
Nucleoli, however, were not prominent in the nuclei.
The cytoplasm contained vast amounts of free ribosomes predominantly in the form of polysomes, but had only poorly developed rough endoplasmic reticulum and Golgi apparatus (Fig. 1) . Small numbers of mitochondria and bundles of intermediate filaments were also found in the cytoplasm. The basal cells often enveloped nerve fibers ( Fig. 1 ) and sometimes exhibited mitotic phases (micrograph not shown).
Type I cells These cells were slender and spindle-like in shape, extending apically from the taste bud base to the taste pit (Fig. 2a-c) . Conspicuous characteristics of this cell type were the electron-dense (dark) appearance for both the cytoplasm and the nucleoplasm (Fig. 2a) , and the inclusion of large, dense granules accumulating in the apical cytoplasm (Figs. 2b, 6a) . The cell apex protruded into the taste pit with its slender microvilli (Fig. 2b) . The inside of the microvilli was filled with bundles of filaments which extended downwards far into the cytoplasm (Fig. 6a) . The nucleus was mostly smooth but occasionally undulated in contour (Fig. 2a) . Heterochromatin was abundant at the periphery (Fig. 2a) , causing the nucleoplasm to appear dark; nucleoli were not apparent.
The perinuclear cytoplasm, especially the supranuclear region, was occupied by the Golgi apparatus and rough endoplasmic reticulum; both of these were lamellate in profile extending parallel to the longer axis of the cell (Fig. 2a) . The Golgi apparatus was composed of vesicles and several stacks of cisterns. The cisterns often accumulated dense materials at their blunt ends. Membrane-bound dense granules were also present close to the Golgi apparatus. The cisterns of the rough endoplasmic reticulum were flat but not broadly distended. More apically, the rough endoplasmic reticulum and Golgi apparatus disappeared (Figs. 2b, 6a) and there occurred small vesicles and a kind of smooth endoplasmic reticulum consisting of branching tubules (Fig. 2b) . As one of the most remarkable features of this cell type, the apical cytoplasm accumulated membranebound dense granules (Figs. 2b, 6a ). These granules were homogeneously electron-dense, round to oval in shape, and considerably variable in size (mean diameter: 300nm).
The infranuclear cytoplasm reaching down to the basal lamina contained rough endoplasmic reticulum, polysomes, and mitochondria (Fig. 2c) . The rough endoplasmic reticulum was less developed, while the numerous mitochondria were more condensed towards the basal cytoplasm. The mitochondria, ranging from oval to rod-shaped, displayed a rather dense appearance of their matrices and average numbers of lamellar cristae (Fig. 2c) .
Mainly in its basal region, the type I cell was seen to envelop nerve fibers in a manner like a Schwann cell embracing unmyelinated nerve fibers (Fig. 2d) . The cleft between the cell and the nerve fiber measured 20-40nm in width. No specialized structures, such as membrane thickenings, were recognized at the boundary between the cell and the nerve.
Type II cells These cells were also spindle-shaped. Apically, they regularly extended to the taste pit, while basally they seldom reached the basal lamina. Being rich in their amount of cytoplasm, the type II cells represented the largest area in profile (Fig. 6a ). Both the cytoplasm and the nucleoplasm displayed the lowest electron density, resulting in the clearest appearance among the taste bud cells (Figs. 3, 4a) .
The nucleus was relatively large, showing a smooth outline (Figs. 3, 4a) . The nucleoplasm contained heterochromatin located preferentially at the periphery along the nuclear envelope, and ordinarily included a prominent nucleolus (Fig. 4a) .
The cytoplasm revealed a conspicuous structure characterizing this type of cell: an unusually dense stack of smooth endoplasmic reticulum. It occupied a large supranuclear region, extending in concentric circles or in parallel lamellae along the longer axis of the cell (Figs. 3, 4a, b) . The dilated cisterns of the smooth endoplasmic reticulum appeared electronlucent or vacant (Fig. 4b) . The type II cells contained a number of mitochondria dispersed evenly from the base to the apex. They were shaped oval to rod-like with a swelling and possessed lamellar cristae and electron-lucent matrices (Fig. 4a, b) . The cytoplasm also contained free ribosomes, glycogen particles, and dense granules rather similar to primary or secondary lysosomes (Fig. 3) . Other organelles, such as rough endoplasmic reticulum and a Golgi apparatus, were sparsely distributed everywhere.
The apical end of the type II cell protruded far into the taste pit and then branched into several stalks of microvilli (Fig. 6a ). These protrusions, as was also the case for the type I cell, were filled with fine filaments.
Type II cells very often made direct contact with the nerves supplying the taste bud (Figs. 3, 4a, c) . The cell and nerve were separated by a cleft which measured 20-30nm in width. Although there were no typical synaptic structures such as a membranethicking between them, the cytoplasm exhibited a specialized membrane system, subsurface cisterna, both along and close to the nerve-contacting area ( Fig. 4c ; for details, see below).
Type III cells These cells were also spindle-shaped. They reached the taste pit apically (Fig. 2b ), but basally did not extend as far as the basal lamina (Fig. 2c ). This type of cell showed an electron density of the cytoplasm intermediate between that of the dark, type I cell and of the light, type II cell (Fig. 3) . The nucleus generally was deeply indented once or more times (Fig. 3 ). This indentation of the nucleus, which could not be found in other cell types, was one of the features characterizing the type III cell. Inside the nucleus, heterochromatin was mainly localized at the periphery (Fig.  3) . A nucleolus, though not prominently developed, was also included.
The cytoplasm was characterized by considerable numbers of dense-cored vesicles being obviously different from the type I-cell granules in size, structure, and localization ( Fig. 5a ; cf. Fig. 2a, b) . A vast Fig. 2 . Type I cell in various regions from the apex to the base. a. Supranuclear cytoplasm shows the well developed rough endoplasmic reticulum (RER) and Golgi apparatus (Go) associated with granules. b. Apical cytoplasm accumulates dense granlues (Gr) and includes bundles of filaments (F), vesicles ( V), smooth endoplasmic reticulum (SER). c. Basal cytoplasm containing numbers of mitochondria extends to the basal lamina. d. Type I cells at the infranuclear region often envelope nerve fibers (N1-N3); N1 and N2 synapse each other. b Also illustrates a type III cell (III) containing microtubles, vesicles, and smooth endoplasmic reticulum. a: x16,000, b: x25,000, c: x9,000, d: x22,000 amount of intermediate filaments was another feature of the cell (Fig. 5a, d) .
The perinuclear cytoplasm developed flattened rough endoplasmic reticulum and Golgi apparatus comprising cisterns and vesicles, and also contained membrane-bound, dense-cored vesicles (Figs. 3, 5a ). These vesicles, shaped round and measuring 90nm in diameter, were filled with a moderately electrondense material (Fig. 5a ). They were mainly localized close to the Golgi apparatus and in the synaptic area ( Fig. 5a-d) , but a few were dispersed in the cytoplasm around the nucleus (Fig. 5a ). Small clear vesicles could only rarely be recognized. The cytoplasmic matrix exhibited a fibrous appearance because of rich intermediate filaments in form of bundles (Figs. 3, 5a) .
The apical cytoplasm was occupied by elements of vesicular or tubular smooth endoplasmic reticulum, ellipsoidal vesicles containing a flocculent material, and microtubles running longitudinally (Figs. 2b, 6a) . The apex of the type III cell protruded far into the taste pit as did the type I and II cells (Fig. 6a) .
A conspicuous feature for this type of cell was that it exclusively synapsed on the intragemmal nerve fibers. Along the cell membrane at the synapse, dense-cored vesicles gathered; some of them were juxtaposed very close to the synaptic membrane ( Fig. 5b-d) . The type III cells also were rich in rodshaped mitochondria. They had average numbers of lamellar cristae with a dense matrix, and tended to accumulate in close vicinity to the synaptic region (Fig. 5c, d ).
Other cell elements
In addition to the intact bud cells, the taste buds occasionally included other cells in the course of degeneration (Fig. 6a) . Typically, such cells contained an expanded membrane system probably derived from the endoplasmic reticulum and dense bodies showing structural features of primary and secondary lysosomes (Fig. 6a) .
The epithelial layer surrounding the taste bud often contained clear, irregularly shaped cells without close adhesion to the neighborhood, suggesting their non-epithelial origin. When observed in suitable sections, related cells were located at the interface of a taste bud and the epithelium, with a part of the cell body lying in the taste bud and the rest in the epithelium (Fig. 6b) . These cells were characterized by the light appearance of their cytoplasm and by the contents of rough endoplasmic reticulum, Golgi apparatus, mitochondria, and lysosome-like dense granules (Fig. 6b) . Furthermore, such intrusive cells thoroughly invaded the taste buds and often included in their cytoplasm materials similar to the debris of degenerating bud cells ( Fig. 6c ; see also Fig. 6a ). Cells in this line, consequently, were diagnosed as macrophages, which probably act to scavenge the degenerating elements.
Cell arrangement in the taste bud
The four intrinsic constituents of the guinea pig taste bud, the basal, type I, type II, and type III cells, exhibited a rather regular arrangement within each taste bud. The basal cells occupied the baso-lateral region of the bud (Fig. 1) . The type I cells usually lined the lateral boundary of the bud (Figs. 2b, 3) . The other cell elements, types II and III, appeared inside. These two cells did not make a direct contact with each other; instead, the type I cells usually intervened between them (Fig. 3) . This aspect may indicate that each taste bud is framed by the type I cell forming spaces to contain the type II and III cells. Adjacent cells mutually adhered by means of a junctional complex at the apex and of scattered desmosomes down towards the base (Figs. 2b, 3, 6a) .
Considering these ultrastructural features Figure 7 schematically illustrates the organization of the guinea pig taste bud.
Innervation of the taste bud
The subepithelial connective tissue, lying typically beneath the epithelium housing taste buds, received plexuses of unmyelinated nerves. Immediately after entering the epithelial layer, the nerve fibers stripped themselves off the Schwann-cell investments and became covered partially or entirely with the type I cells (Fig. 2d) . The fibers then were again released from the cells and extended towards the apex, forming swellings on their way (Figs. 3, 4a , 5b). With their swollen portions, they made either a synaptic connection with the type III cells (Fig. 5b-d) or another specialized contact with the type II cells (Figs. 3, 4a , c); they established no such specialized contacts with the type I cells (Fig. 2d) .
At the synaptic junction between the type III cell and the nerve, the plasma membranes of both were separated by a cleft of about 25nm in width, and were decorated by a dense material on the plasmic surfaces (membrane thickening) ( Fig. 5b-d) . The synapses were commonly associated with membranebound vesicles and mitochondria not only in the cytoplasm but also in the axoplasm. The type III cells consistently contained dense-cored vesicles (90nm in the mean diameter) ; some of them were apposed in close proximity to the thickened membrane ( Fig. 5b-d) . On the other hand, the axoplasm at the synaptic site included both predominant, clear vesicles (40-60 nm in diameter) and a few, dense-cored vesicles (60 nm) and roundish mitochondria as well (Fig. 5b-d ). The population of the vesicles varied from one terminal to another. In one extreme case, vesicles densely occupied even a large part of the nerve terminal (Fig.  5c) .
Although the type II cell attached directly to a swelling or swellings of nerve fibers in an extended area, their contact site did not show any features of a typical synapse such as the membrane-thickening and accumulation of vesicles (Figs. 3, 4a, c) . Instead, the cytoplasm of the type II cell contained a smoothsurfaced saccular structure, called the subsurface cisterna, hugging the cell membrane contacting the nerve (Fig. 4c) . The nerve terminals included only a few vesicles and tended to accumulate mitochondria (Fig. 4c) . At the base of the taste bud, as mentioned above, nerve fibers were enveloped in the type I cell. When this coverage was incomplete, nerves often contacted each other and, moreover, some of them formed a nerve-nerve synapse (Fig. 2d) . In this case, either one or both of the fibers contained vesicles.
DISCUSSION
To investigate the functional significances of the taste bud, electron microscopy has been successfully applied in various species (see KINNAMON et al., 1985; MURRAY, 1986) . Many authors thus have agreed in that the taste bud basically comprises undifferentiated cells, differentiated cells, and nerve fibers making synapses on discrete cells.
Earlier works simply discriminated electronopaque (dark) and electron-lucent (light) cells in mammalian taste buds (FARBMAN, 1965a; UGA, 1969) . MURRAY et al. (1969) first demonstrated a third cell population (type III cell) in the taste buds of rabbit foliate papillae (see also MURRAY and MURRAY, 1967) . Although these cells resembled the light cells in their electron density, shape, and location, they characteristically contained small clear vesicles and large dense-cored ones in the cytoplasm and specifically made a synaptic contact with nerves towards which both kinds of the vesicles were gathered (MARRAY et al., 1969) . Consequently, differentiated cells of the rabbit taste bud were classified into three groups, designated as type I (dark cell), type II (light cell), and type III (MURRAY, 1971) . Cells with fine-structural features similar to those depicted by MURRAY and associates have since been described also in other mammalian species including man (PARAN et al., 1975) , the rat (TAKEDA and HOSHINO, 1975) , the mouse (TAKEDA, 1976) , and the monkey FARBMAN et al., 1985) .
As regards the typing of the taste bud cells, however, there have been discrepancies even between the results of authors dealing with the same species. In the rhysus monkey, IDE and MUNGER (1980) discriminated two cell types: sustentacular and chemosensory cells (see also ZAHM and MUNGER, 1983a, b) , whereas FARBMAN et al. (1985) (KIN-NAMON et al., 1985; see also DELAY et al., 1986; KINNAMON et al., 1988; ROYER and KINNAMON, 1988) .
It has generally been proposed that the mammalian taste bud comprises at least two functional cell types: the chemosensory or gustatory cell and the nonsensory, sustentacular cell. Earlier studies were at variance as to whether the chemoreceptive cell was the dark cell (DE LORENZO, 1958; FARBMAN, 1965a; GRAY and WATKINS, 1965) or the light cell (UGA, 1969) . Later, MURRAY (1969) proposed a type III cell, a subtype of light cell, functioning as chemoreceptor in the rabbit taste bud; thereafter a chemoreceptive nature has been assigned the type III or corresponding cell in various species (e.g., MURRAY et al., 1969; PARAN et al., 1975; TAKEDA and HOSHINO, 1975; TAKEDA, 1976; IDE and MUNGER, 1980; FARBMAN et al., 1985) . Many workers, including the authors mentioned above, stated that the type I or dark cell was sustentacular in nature because of its lacking synapses with the intragemmal nerves. In the mouse taste bud, however, KINNAMON et al. (1985) observed all the dark, intermediate, and light cells in synaptic contact with nerve fibers, and claimed all of them to be gustatory in function.
The results of our present study on the guinea pig taste bud have discriminated four distinct cell types, each of which possesses its own ultrastructure and shows a characteristic relationship with the intragemmal nerves. On the basis of these findings, we will discuss the possible functions of the individual cell types.
Basal cells
The mammalian taste bud regularly contains undifferentiated and differentiating cells along the baso-lateral margin (MURRAY and MURRAY, 1960, 1967; FARBMAN, 1965b; SCALZI, 1967; PARAN et al., 1975; MILLER and CHAUDHRY, 1976; IDE and MUNGER, 1980; KINNAMON et al., 1988) . These cells have variously call basal (MURRAY and MURRAY, 1960) , peripheral (FARBMAN, 1965b) , perigemmal (MURRAY and MUR-RAY, 1967) , or pregustatory cells (SCALZI, 1967) . Some workers discriminated two cell types in an identical taste bud of certain species: the basal cell and peripheral or perigemmal cell (FARBMAN, 1965b ; MURRAY, 1971; MILLER and CHAUDHRY, 1976; ROYER and KIN-NAMON,1988 ); whereas, others described a single cell type under the basal, perigemmal, or pregustatory cell nomenclature (NEMETSCHEK-GANSLER and FER-NER,1964; SCALZI, 1967; PARAN et al., 1975; IDE and MUNGER, 1980; ZAHM and MUNGER, 1983a; HIRATA et al., 1988) .
The cells in problem never extend apically to the taste pit, unlike other cell types, and are characterized by their cytoplasm containing more or less poorly developed cell organelles, except for the abundant free ribosomes in the taste buds of the rat (FARBMAN, 1965b) , rabbit (SCALZI, 1967) , hamster (MILLER and CHAUDHRY, 1976) , monkey (ZAHM and MUNGER, 1983a) , and mouse (DELAY et al., 1986; KINNAMON et al., 1988) . Cells at this location may be in mitosis (MURRAY, 1969; PARAN et al., 1975; ROPER and KINNAMON, 1988) . In developing or regenerating taste buds, cells comparable to the basal cells appear at the base of a taste bud anlage (FARBMAN, 1965b; FUJIMOTO and MURRAY, 1970 ; for review see FARB-MAN, 1971; GUTH, 1971) . In his study on the developing rat taste bud, FARBMAN (1965b) suggested that the peripheral precursor cells shifted centripetally and were then associated with intraepithelial nerve fibers to be designated the basal cells, which differentiated further into more advanced forms. On the other hand, FUJIMOTO and MURRAY (1970) described the earliest appearing cells in regenerating rabbit-taste buds as resembling the basal cells and being in direct contact with nerve fibers. The intimate contact of the basal cell with nerves has also been demonstrated in the monkey (ZAHM and MUNGER, 1983a) and mouse (KIN-NAMON et al., 1988) .
The basal cell observed in the present study of the guinea pig taste bud corresponded well in both localization and structure to the previous findings for the cell in other species. The present study confirms that the cell represents the precursor of other bud cells, although the term "basal cell" may include elements under different stages of differentiation.
The ultrastructure of the cell, especially the rich content of free ribosomes in the cytoplasm, indicates the undifferentiated nature of the cell.
Type I cells
This cell type, characterized by its darkly appearing cytoplasm and apically gathered electron-dense granules, has been identified by many researchers (e.g., DE LORENZO, 1958; NEMETSCHEK-GANSLER and FERNER, 1964; MURRAY and MURRAY, 1967; SCALZI, 1967; UGA, 1969; PARAN et al., 1975; MILLER and CHAUDHRY, 1976; TAKEDA, 1976; IDE and MUNGER, 1980; FARB-MAN et al., 1985) . Several authors proposed that the apical granules were secretions to form the electrondense substance occupying the taste pit (FUJIMOTO and MURRAY, 1970; MURRAY and MURRAY, 1971; MILLER and CHAUDHRY, 1976; TAKEDA et al., 1981 TAKEDA et al., , 1985 FARBMAN et al., 1987) . A histochemical study has recently given evidence that the granules and dense substance shared reactivities for some lectin, suggesting identical ingredients for both materials (OHMURA et al., 1989) .
The type I cells generally represent the most numerous cell type in the taste buds. They intervene between the lateral aspects of other cell elements (type II and type III) and are isolated from the same type cells (FARBMAN, 1965a; MURRAY and MURRAY, 1967; UGA, 1969; PARAN et al., 1975; see also MUR-RAY, 1971 , 1986 . The type I cells frequently ensheath intragemmal neurites in a manner similar to the Schwann cell-nerve relationship (FARBMAN, 1965a (FARBMAN, , b, 1969 MURRAY and MURRAY, 1967; MURRAY, 1969 MURRAY, , 1986 PARAN et al., 1975; MILLER and CHAUDHRY, 1976; TAKEDA, 1976) . As with these previous authors, the present study could not demonstrate any structural specializations such as the formation of synaptic attachments between the nerve fiber and this cell type. In light of these morphological features, the type I cell is believed to be supportive in nature rather than chemoreceptive; some workers have actually called it the supporting or sustentacular cell (FARBMAN, 1965a; IDE and MUNGER, 1980; ZAHM and MUNGER, 1983a; MURRAY, 1986) .
It has recently been established that endocrine and sensory paraneurons may be intermingled with and supported by sustentacular cells provided with glialike morphological and metabolic features (for review, see FUJITA et al., 1988) . Sustentacular cells in various paraneuronal tissues have been shown to be immunoreactive for S-100 protein (IWANAGA et al., 1989) , which is known as a glia-specific substance (MOORE, 1965) . In our previous study on the guinea pig taste bud, however, the type I and all other cells proved non-immunoreactive for S-100 protein (YO-SHIE et al., 1988) . This non-immunoreactivity of the taste bud cells might possibly imply their direct origin from the epithelium.
It has been established that individual taste bud cells have a definite life span (250+50h in the rat; BEIDLER and SMALLMAN, 1965) and are continually replaced with newly differentiated cells. In mammalian species, transection of the nerve fibers supplying taste buds causes the degeneration of all the differentiated bud cells (FARBMAN, 1969; FUJIMOTO and MURRAY, 1970; KONDO, 1983) . Earlier workers offered the opinion that degenerated cells in the denervated taste bud are phagocytosed by leukocytes (OLMSTED, 1920) or are extruded through the taste pore into the oral cavity (OLMSTED, 1921; see also GUTH, 1971 ). More recently, in contrast, the type I cells have been considered to phagocytose other degenerated cells occurring in both normal and experimentally denervated taste buds (FARBMAN, 1969; FUJIMOTO and MURRAY, 1970; MURRAY and MURRAY, 1971; KONDO, 1983; FARBMAN et al., 1985; see also GUTH, 1971; MURRAY, 1986) . To the contrary, our data obtained in the present study did not show any signs of a phagocytotic activity in the type I cell but, instead, suggested that intrusive cells identified as macrophages phagocytose and eliminate degenerated bud cells.
Type II cells
This type of cell is the largest in profile in the bud cells and is characterized by extensive smooth endoplasmic reticulum, as described by previous authors (TAKEDA and HOSHINO, 1975; TAKEDA, 1976; KONDO, 1983; FARBMAN et al., 1985; MURRAY, 1986) . However, such an extensive development of the smooth endoplasmic reticulum as appears in the guinea pig type II cell has not, to our knowledge, previously been described. Only images of extensive smooth endoplasmic reticulum comparable to the present findings are available in colchicine-treated mice (TAKEDA et al., 1985) . ROYER and KINNAMON (1988) postulated that the murine taste bud cells showing such an arrangement of smooth endoplasmic reticulum are degenerating light (i.e., type II) cells. In monkey taste buds, on the other hand, FARBMAN et al. (1985) identified the cells localizing whorl-arranged smooth endoplasmic reticulum as belonging to type III. All this notwithstanding, the existence of the extensive smooth endoplasmic reticulum was a highly reliable criterion for identifying the type II cell in the present observation in the guinea pig.
The present study also revealed that the type II cells are in broad contact with the intragemmal nerve fibers and contain subsurface cisternae in the cytoplasm beneath the contacting zone. Nerve attachment associated with a subsurface cisterna has been recorded in other mammalian taste buds (FARBMAN, 1965a; FUJIMOTO and MURRAY, 1970; MURRAY, 1971 MURRAY, , 1986 TAKEDA, 1976; AKISAKA, 1980; IDE and MUN-GER, 1980; ROYER and KINNAMON, 1988) and predominantly in the type II cell (FUJIMOTO and MURRAY, 1970; MURRAY, 1971 MURRAY, , 1986 TAKEDA, 1976; AKISAKA, 1980; KONDO, 1983) . Although the membranes facing each other do not exhibit any features of a typical synapse, the nerve terminals to the type II cell may include synaptic vesicles which juxtapose the axolemma towards the type II cells (PARAN et al., 1975; TAKEDA, 1976; AKISAKA, 1980) . Furthermore, in their study of primate laryngeal taste buds ("chemosensory corpuscles"), IDE and MUNGER (1980) depicted one chemosensory cell as being associated with different nerve terminals by means of subsurface cisterna and conventional synapse, respectively (see also ZAHM and MUNGER, 1983a) . According to ROPER and KIN-NAMON (1988) investigating the taste bud of mouse foliate papillae, in contrast, an identical nerve fiber innervates a gustatory cell to form both kinds of attaching specializations.
Subsurface cisternae are generally associated with the efferent synapse in sensory cells, including the outer hair cells in the cochlea (SMITH and SJOSTRAND, 1961; SAITO, 1980; SAITO and HAMA, 1984; SIMMONS and LIBERMAN, 1988) and sensory cells in the lateral line organ (HAMA, 1965; YAMADA and HAMA, 1972) . Consequently, it seems reasonable to hypothesize that the taste bud cells provided with subsurface cisternae receive an efferent projection from nerves (FUJIMOTO and MURRAY, 1970; TAKEDA, 1976; AKISA-KA, 1980; IDE and MUNGER, 1980; cf. ROPER and KINNAMON, 1988) .
Type III cells
Since MURRAY et al. (1969) first demonstrated the occurrence of this cell type in the rabbit taste bud, the same type cell has been identified in other mammalian species PARAN et al., 1975; TAKEDA and HOSHINO, 1975; TAKEDA, 1976; FARBMAN et al., 1985) . Cells apparently identical to this type have also been demonstrated to exist in the taste buds or taste organs of lower vertebrates : different species of fish (HIRATA, 1966; GROVER-JOHNSON and FARBMAN, 1976; FUJIMOTO and YAMA-MOTO, 1980; ONO, 1980; TOYOSHIMA et al., 1984a) , frogs (GRAZIADEI, 1969; GRAZIADEI and DEHAN, 1971; HIRATA and NADA, 1975; TOYOSHIMA and SHIMA-MURA, 1982; see also TOYOSHIMA et al., 1984b; TOYOSHIMA, 1989) , and some reptiles (UCHIDA, 1980) . The vesicles contained in the cytoplasm of the type III cells, though variable in shape and size from species to species, are categorized into a small clear type and large dense-cored type. In most mammalian species hitherto investigated, the type III cells have contained small clear vesicles mingled with a few large dense-cored ones (JEPPSSON, 1969; MURRAY et Fine Structure of Guinea Pig Taste Bud, I 117 al., 1969; SANGIACOMO, 1970; PARAN et al., 1975; TAKEDA and HOSHINO, 1975; IDE and MUNGER, 1980; KONDO,1983; ZAHM and MUNGER, 1983a; FARBMAN et al., 1985; MURRAY, 1986; FUJIMOTO et al., 1987) . In lower vertebrates, in contrast, corresponding cells have been demonstrated to tend to include exclusively either clear vesicles of the synaptic type (fish: HIRATA,1966; GROVER-JOHNSON and FARBMAN, 1976; ONO, 1980; FUJIMOTO and YAMAMOTO, 1980; TOYO-SHIMA et al., 1984a; see also UGA,1969) or dense-cored vesicles (frogs: GRAZIADEI and DEHAN,1971; HIRATA and NADA, 1975; TOYOSHIMA et al., 1984b; reptiles: UCHIDA, 1980) . These authors have further demonstrated that the broad area of the infranuclear cytoplasm contained the vesicles, which particularly gathered toward the synapse.
The present study in the guinea pig indicated that essentially all vesicles in the type III cells were dense-cored in type, while smaller clear ones were scarce. The dense-cored vesicles were frequently adjacent to the synaptic membrane; it is most likely that they represented synaptic vesicles containing yet unknown transmitters for the nerves. There are a few studies suggesting serotonin (5-HT) as one of the candidates for the transmitters of the gustatory cell. Formaldehyde-induced fluorescence histochemistry exhibits a yellow fluorescence characteristic of 5-HT in certain cells of the taste bud in rabbit foliate papillae (NADA and HIRATA, 1975, 1977) . By immunoelectron microscopy, moreover, the 5-HT immunoreactivity is localized in dense-cored vesicles occurring in the type III cells of monkey and rabbit taste buds (FUJIMOTO et al., 1987) . In the guinea pig, however, we failed to detect any 5-HT-immunoreactive cells in the taste bud (YOSHIE et al., unpublished data) . Drawing a conclusion from the ultrastructural features of the type III cell in guinea pig taste buds, there seems to remain no doubt concerning this cell type's primary function being for gustatory sensation. One of the most noteworthy findings of the present study is that large dense-cored vesicles could be demonstrated so numerously and so exclusively in this type of gustatory cell in the guinea pig. Considering the occurrence and nature of the same type of vesicles in various other neurons and paraneurons, the large dense-cored vesicles in the type III cell are expected to involve a peptidic messenger substance or substances, whose nature remains to be elucidated.
Another point in the present observation is the accumulation of vesicles in the axoplasm at the synaptic site. This seems to imply the existence of a reciprocal synapse between the type III cell and the nerve. The occurrence of similar reciprocal type synapses has been proposed in various other paraneurons including Merkel cells, bronchopulmonary paraneurons, and carotid body chief cells (for review see FUJITA et al., 1988) . It is still unknown as to how the reciprocal synapses on the gustatory cell might function.
